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INTRODUCTION 
This investigation involves a detailed study of the Frontier Formation 
in the vicinity of Sheep Mountain Anticline, Wyoming. Critical data 
pertinent to the problem were obtained and analyzed to try and explain 
local differences in lithology. 
Purpose and Scope 
During the summer of 1962 while engaged in a NSF undergraduate research 
project, the writer first became aware that the Frontier Formation is 
lithologically heterogeneous transverse to the axis of Sheep Mountain 
Anticline. Specifically it was noted that a bentonite bed which occurs at 
the base of the Peay sandstone on the east flank of Sheep Mountain Anticline 
is absent on the west flank. It was further noted that the major sandstone 
beds in the Frontier exhibit changes in thickness from one flank of the 
structure to the other. The most striking of these changes is that of the 
"Middle" sandstone which is well developed on the 'West flank, but absent on 
-the east flank. These local changes. as well as a quantitative study of 
the variation in the textural parameters of the sandstone beds in the 
Frontier, form the problem of the present study. It is also recognized 
that every sedimentary deposit can be considered the result of a response 
to a certain set of tectonic and environmental conditions which are re-
flected by definite characteristics in the resulting deposits. This is 
implicitly assumed in formulating the present problem. 
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Hethod of Investigation 
The data for this investigation were obtained during the summer of 
1964 while the writer was a member of the staff at the Iowa State University 
Field Station. Approximately two months were spent in the field studying 
the details of stratigraphy of the Frontier Formation. Exposures were 
measured. described, and sampled at 12 localities. Three of these are 
figured and described in the present report. 
Textural analyses were carried out to investigate the possibility that 
resulting data could aid in the description of the sediments and in the 
determination of their depositional history. Differences were not obvious, 
thus the parameters were statistically analyzed in order to more ob-
jectively determine their relationship from bed to bed within the same 
locality and among localities. 
Location and Physiography of Area of Study 
The Big Horn Basin is an irregular, roughly elliptical structural 
low-land limited on the west by the Absaroka and Beartooth units of the 
Rocky Mountain system. and on the south, east. and northeast by the Owl 
Creek, Big Horn, and Pryor Mountains respectively. The area of study is 
located toward the eastern side of the Big Horn Basin in the central part 
of Big Horn County in north-central Wyoming. It is bounded by T52-55N 
and R92-95W, with the community of Greybull being located near its south-
ceutral margin. Figure I is an index map of the area of study showing 
sampling localities and the Frontier outcrop pattern. 
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Figure 1. Index map of Big Horn County and the area of study showing 
sampling localities and the outcrop pattern of the Front.ier 
Formation . 
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The area of study is located phys10graphically in the Middle Rocky 
Mountain Province which consists primarily of complex anticlinal mountains 
and intermontane basins (Fenneman. 1931). The Big Horn Basin 1s one of 
the intermontane basins. Structurally. it is a deep syncline filled with 
Paleocene and Eocene terrestrial deposits during the Laramide deformation. 
The subsequent erosional history is complex and is treated in detail by 
Mackin (1937). 
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PREVIOUS 'WORK 
The Frontier Formation was originally named by Knight (1902) for 
exposures in southwestern Wyoming near the coal mining community of 
Frontier. Following Knight's original description. many geologists have 
extended Its distribution by correlation with equivalent strata throughout 
the state. 'Washburne (1908) differentiated two sandstone beds in the 
Colorado Formation near Greybull which are today recognized as the Peay 
and the Torchlight sandstones. Hintze (1914) assigned the informal 
terminology presently applied to the sandstone beds in the Frontier of the 
Big Horn Basin. The term Frontier was first introduced into Big Horn Basin 
stratigraphic nomenclature by Lupton (1915) for strata exposed near Basin 
which occupied a stratigraphic position similar to that of the type 
Frontier. 
For nearly four decades little was published concerning the stratigraphy 
of the Frontier Formation in Wyoming. Cobban and Reeside (19S2b) formalized 
Knight's original description and presented detailed descriptions of the 
Frontier exposures located at Cumberland Gap, Wyoming, about 20 miles south 
of Knight's type section. Most present day workers adhere to the more 
formal definition presented by Cobban and Reeside. 
Three other papers were published in the same year concerning the 
Frontier Formation. Masters (1952) dealt with the Frontier as a specific 
portion of a regional study which emphasized the depositional history of 
the Frontier sandstone beds. Hunter (1952) correlated the Frontier along the 
eastern margin of the Big Horn Basin and established the areal relationships 
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of the sandstones. Towse (1952) studied the Frontier of the Casper Arch 
area in the Powder River Basin and subdivided it into four "zones". 
separated on the basis of bentonites. Towse's upper three "zones" contain 
the lithologic correlatives of the sandstone beds utilized in this study. 
Baun (1953) extended Frontier studies farther north and east in the 
Powder River Basin and demonstrated that the "zones" proposed by Towse 
were not traceable in the subsurface or readily recognizable on the surface 
except over rather limited areas. Therefore no standard exists such as 
bentonite beds or other lithologic units which can be used for positioning 
datum boundaries within the formation. Most recently, Goodell (1962) 
presented an excellent generalized stratigraphic and petrologic study of 
the Frontier of Wyoming. 
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STRATIGRAPHY OF FRONTIER FORMATION 
The Frontier Formation, as used in this paper, is regionally defined 
by Goodell (1962, p. 173) as 
those strata lying above the Mowry or Aspen shales and which have 
as an upper limit the top ,of the first massive sandstone, or the 
position at which sandstone predominates over shale, beneath several 
thousand feet of Upper Cretaceous marine shales known varIously as 
Billiard, Baxter, Cody, CarlIle, or Niobrara. 
The Frontier, as defined by Goodell, is divided into two parts for purposes 
of interpretation and correlation in areas outside of the Big Born Basin. 
The lower division includes those strata between the top of the Mowry or 
Aspen Shales and the top of the First Wall Creek sandstone or its 
correlative sandstones. The upper division includes all of the Frontier 
strata and correlatives overlying the First Wall Creek interval. 
Age and Correlations 
The most complete work concerning the age and correlation of the 
Frontier is that of Cobban and Rees1de (1952a). Figure 2 1s a synopsis of 
Cobban and Reeside's correlation chart, including fossil zones, as 
presented by Goodell (1962, p. 176). These faunal zones are rather widely 
accepted, but are difficult to use in the Big Born Basin because of the 
laCk of fossils. 
Correlation based on lithology is difficult, at best, because of 
rapid changes within short di.tances. The major sandstone units are most 
useful for regional correlations. Figure 3 shows the lateral relationships 
of the sandstone beds from western to eastern Wyoming. Regionally, the 
major sandstone beds (Figure 3) show three major transgressions and 
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Western Wyoming 
Hilliard Shale 
................................. 
Cody Shale 
11 
Eastern Wyoming 
Carlile Shale 
lllllllHl~ll~lllllllilmmlllllmmHHgHli!iHmmmmlmH:mm:llmlm:lmgigi@Hm~mm::::mmmm::~ .. · .. ·: .. ·· .. ·;·· 
!i:::::::::::::'" t"F'lrst Wall Creek sand stone 
~?"i("S~cond Wall Creek sandstone 
~. ~~~~~~:::nmrm~ Thir~ Creek 
~~. 
Spur Benton Ite 
Mowry Shale 
Figure 3. A generalized stratigraphieeross-seetion of the Frontier 
Formation, after Goodell (1962) 
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regressions of the Cretaceous seas resulting in thick sandstones in the 
west intertonguing with marine shales to the east. Evidence presented by 
Mansfield (1927) suggests that the sandstone beds were derived from the 
rising Cordilleran Geanticline to the west. 
Peay Sandstone 
The Peay sandstone is the lowest sandstone unit of the Frontier. The 
term Peay was informally applied in the Big Horn Basin by Hintze (1914) to 
exposures of the basal Frontier sandstone on the Peay Hills near Greybull. 
It is easily recognizable in the area of study because of its resistant 
nature and the prominent dip slopes which it forms. 
Goodell (1962, p. 177) makes note of the fact that the Peay actually 
consists of a complex of sandstone beds which merge into one thick bed 
(Third Wall Creek sandstone) in the Powder River Basin. Lensing is not 
evident in the area of study. Here the Peay is a single, thick, persistent 
unit. Figure 4 shows the relationship of the Peay sandstone within the area 
of study. Significant differences in thickness and lithology occur within 
this area, the primary difference in lithology being the bentonite bed 
discussed above. The primary difference in thickness occurs at locality 1 
where the Peay is only approximately one-half as thick as it is at the 
other localities. 
The Peay consists prtmarily of a bentonitic quartz sandstone with a 
thick bentonite bed occurring at the base of the unit in most places. The 
sandstone is well sorted, 8ubangular to rounded, composed of medium-grained 
sand. This grades upward into a conglomeratic sandstone which is slightly 
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fossiliferous. However, the fossils are fragmentary and consequently 
unidentifiable. A chert pebble conglomerate marks the top of the unit. 
The degree of cementation varies from a poor (locality 10) to a well 
(locality 1) indurated siliceous cement. The silica cement is probably 
derived from the bentonite as it is invariably directly associated with a 
bentonite. The sandstone directly in contact with the bentonite always 
displays the highest degree of induration (Goodell, 1962). 
The Peay contains abundant chert pebbles throughout. They usually 
are black on their external surface, but internally they range in color 
from grey to brown. Many contain Paleozoic invertebrate fossil remains. 
Pebbles up to one-quarter inch in their longest dimension are often found 
in a matrix of silt and sand with no gradation between the particle sizes. 
The sandstones of the Frontier Formation are considered to be primarily 
non-marine in origin in westernmost Wyoming and adjacent portions of Idaho 
and Utah. The Frontier of these areas contains abundant coal and lignitic 
shale (Washburne, 1908). No coal or lignitic shale are present in the area 
of study, however abundant plant remains occur in conjunction with some of 
the bentonite units. The contact with the underlying marine shales is 
usually transitional, with a few localities (I, 9, 11) showing a sharp 
contact. In addition, many primary sedimentary structures such as small 
channels, flute casts, and ripple marks are present. There are many 
abraded bone and wood fragments present indicating reworking by currents. 
Calcareous concretions are characteristic of the Peay sandstone. Tbey 
range in size from an inch in diameter up to 12 feet or more in longest 
. dimension. The concretionary interval occurs at about 75 feet above the 
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base of the Peay and is 20-30 feet thick. The concretions weather to a 
reddish-brown and are more resistant than the host rock. Bedding planes 
may pass through the concretions, although at some localities the bedding 
planes vere noted to stop abruptly at the edge of the concretionary mass. 
The large size, resistant nature, and color of the concretions serve as an 
aid in identifying and correlating the Peay. 
The Peay in the area of study was deposited in a shallow water, shelf 
environment, transitional with deltaic deposits to the northeast and deeper 
water deposits to the southwest (Hunter, 1952). The absence of microfossils 
makes interpretation of depositional environment tenuous. The overlying 
shale is predominately marine, consisting mainly of grey to dark grey 
bentonitic siltstone with intercalated sandstone lenses. Its contact with 
the Peay is sharp. The shale underlying the Peay Is similar in all respects 
to the overlying shale. However, its contact with the Peay is transitional. 
The marine shales are composed primarily of feldspar, quartz, and miea 
(Goodell, 1962, p. 205). 
"Middle" Sandstone 
The sandstone unit located approximately in the middle of the Frontier 
Formation in the area of study will be referred to as the "Middleu sandstone 
in this report for the convenience of diseussion. 
Workers in areas outside of the Big Horn Basin refer to the sandstone 
which occurs in the middle of the Frontier as the Second Wall Creek sandstone. 
The "fUddle" sandstone is so highly variable and lensatlc in nature that it 
is difficult to trace beyond the confines of the Big Horn Basin. The 
17 
WTiter knows of no attempt to correlate it with the Second Wall Creek 
sandstone of surrounding areas. 
The "Middle" sandstone is the most highly variable of the Frontier 
sandstones. In area I, (locality 2) the conglomerate at the top of this 
unit may be confused with the conglomerate at the top of the Torchlight 
sandstone because both units contain andesite porphry cobbles. Therefore, 
care must be exercised in examining these units. 
Primary structures are masked largely by the coarse-grained nature of 
the sediments. Abraded fossil fragments and channeling are the most 
readily observable features. The channeling consists of small channels 
which cut into the sandstone. 
The "Middle" sandstone consists primarily of poorly sorted, subangu1ar, 
coarse-grained quartz sand. Its lower portion is transitional with the 
underlying shale. It becomes coarser-grained upward, grading into a 
conglomerate at the very top. The contact with the overlying shale is sharp. 
This unit shows distinct changes in the energy level of the depositional 
medium. The bottom of the unit is concave upward and has the general 
geometry of a stream channel. It is interpreted as being a channel rather 
than an offshore bar as it runs transverse to the northeast-southwest 
strandline as hypothesised by Hunter (1952). 
Torchlight Sandstone 
The term Torchlight sandstone was first applied in the Big Horn Basin 
by Hintze (1914) for exposures on Torchlight Dome, near Basin, Wyoming. It 
is the uppermost sandstone bed in the Frontier and is recognized by its 
light color and resistant nature. The Torchlight is composed of a complex 
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of sandstone beds as shown in Figure 4. It is relatively uniform in the 
area of study. In areas outside of the Big Horn Basin, this sandstone 
complex is referred to as the First Wall Creek sandstone as shown in Figure 
3. Although this terminology is not employed in the Big Horn Basin, 
Goodell (1962, p. 182) suggests that there is lithologic continuity across 
the Big Horn Mountains into the Powder River Basin on the basis of the 
presence of andesite porphyry cobbles on both sides of the range. 
The Torchlight is primarily a bentonitic, subangular to rounded, 
medium-grained, quartz sandstone. It is well-cemented and forms resistant 
ledges in outcrop. It becomes coarse-grained towards the top and is capped 
by two feet of andesite porphyry conglomerate. The lower portion of the 
Torchlight is everywhere transitional with the underlying shale. Goodell 
(1962, p. 182) states that the Torchlight is a series of interfingering 
sandstone beds. Interfingering is not noticeable in the area of study. 
Lateral relationships of the Torchlight are shown in Figure 4. 
The conglomerate at the top of the Torchlight is composed of vari-
colored chert pebbles and andesite porphyry cobbles, some of which range up 
to ten inches in their longest dimension. The chert pebbles in this unit 
are always flat on at least one side whereas the andesite porphyry cobbles 
always show a higher degree of sphericity. The significance of this is not 
fully understood, but it probably represents different distances of travel 
or introduction of the smaller chert pebbles into the depositional medium 
at some distance nearer the site of deposition. 
Primary sedimentary features such as ripple marks and crossbedding 
indicate a constantly changing energy level of the depositional medium. 
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The depositional environment of the Torchlight was probably shallow water 
marine (Hunter, 1952). Hunter (1952) postulates a large delta extending 
eastward from Idaho as being responsible for the deposition of tho Torch-
light sandstone. 
Stratigraphic Relationships 
The sandstone beds in the Frontier represent three major transgressions 
and regressions of the Cretaceous sea. Figure 3 shows these relationships 
from eastern to western Wyoming. Goodell (1962, p. 205) discusses these 
transgressive-regressive relationships"in some detail. Some stratigraphic 
differences exist within the area of study, however, which cannot be entirely 
explained by gross lithologic considerations aver a large area. 
The Peay sandstone. in the area of study, contains a bentonite bed in 
its basal portion at the east flank of Sheep Mountain Anticline (localities 
1. 2 and 9). Elsewhere it is absent at stratigraphic position. However, 
there is a bentonite bed of similar thickness and lithology immediately above 
the Peay sandstone. Assuming that the ash from which the bentonite was 
derived was rather widespread in its extent, it seems reasonable to 
postulate that these seemingly different bentonite beds are actually one and 
the same. 8S there is no locality where both beds occur together. This 
relationship is also borne out by drill data from Magnet Cove Barium 
Corporation, as none of their drill holes encounter both beds. 
A possible explanation of this is that the ashfall occurred during a 
time of rather rapid regression of the Cretaceous sea. This is postulated 
because of the relatively instantaneous deposition of the ash as opposed to 
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the sandstone. An equally plausible theory is that the differences result 
from reworking, and possibly even redeposition, by shallow water currents. 
The sandstones of the Frontier Formation vary in thickness from 
locality to locality. These variations in thickness of the Peay and 
Torchlight sandstones are apparently due to a hiatus in which erosion has 
taken place (Goodell, 1962, p. 205). The varying thicknesses of the "Middle" 
sandstone do not appear to be due to the same cause. As noted earlier. it 
was initially observed that the "Middle" sandstone was apparently absent 
at localities 1. 2 and 9. Detailed field work shows that it is present at 
locality 2, but absent at localities 1 and 9. This can best be explained 
by interpreting the "Middle" sandstone as a channel deposit. The geometry 
of this unit suggests that this is a correct interpretation as the '~iddlett 
sandstone is much greater in one dimension than it is in the other two 
dimensions, but work outside the present area of study needs to be done to 
validate this interpretation. 
These field relationships suggest a complex depOSitional history for 
the sandstone beds of the Frontier. This being the case, much detailed 
work along several lines must be done to completely understand their 
depositional history. 
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ANALYSIS OF DATA 
Rock samples from the localities shown in Figure 1 were utilized in 
this study. All sample data are from surface outcrops. No subsurface 
information was available to the writer. 
Collection and Preparation of Samples 
The sampling localities were chosen by superimposing a two mile square 
grid over a geologic map of the area of study in such a way that the grid 
roughly paralleled the axis of Sheep }fountain anticline. Where lines of 
intersection of the grid fell within the Frontier outcrop belt. the legal 
section in which the intersection occurred was noted. Approximately 40 
possible localities were chosen, but owing to poor exposures or inaccesibillty, 
only 12 localities were used. 
The units which were sampled include the upper ten feet of the Peay 
sandstone. the upper ten feet of the "Middle" sandstone, and the upper ten 
feet of the Torchlight sandstone. Two spot samples were collected for each 
sampling unit at each locality. Only the upper ten feet of each sandstone 
bed was sampled to insure that the samples all came from the same 
stratigraphic level. This does not necessarily mean that the samples are 
.~,. 
all of the same age since all of the sandstone beds transgress time. 
Preparation of the samples and the procedures followed for disaggre-
gation are those of Folk (1951, pp. 15-22). Samples from the Torchlight 
were easy to disaggregate anc it was cnly necessary to add a deflocculating 
agent. Several "Middle" sandstone samples had a ferruginous cement 
necessitating overnight treatment with warm. concentrated hydrochloric 
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acid. Peay samples from localities 1 and 2 contained a siliceous cement. 
These samples were treated overnight in concentrated potassium hydroxide. 
Sodium hexametaphosphate was found to be the most effective peptizing 
agent. Samples from the Torchlight were most difficult to deflocculate 
because of their relatively higher bentonite content. The best results 
were obtained when the samples were stirred in a conventional malted milk 
mixer for five minutes followed by ten minutes in an air elutriator. 
Hydrometer and Sieve Analysis 
After disaggregation of the samples, standard particle size analysis 
were performed on them. The method followed for this is standard and is 
given in Krumbein and Pettijohn (1938). The data were converted to phi 
units (Krumbein, 1934) and plotted as cumulative frequency curves. The 
phi conversion was made to normalize the data in order to perform an 
analysis of variance. Cumulative frequency curves of sediments are not 
normal unless the data are transformed into phi units (Krumbein, 1955) 
while normality is an explicit assumption underlying the analysis of 
variance technique. 
Construction of the oglves made possible the calculation of the 
textural parameters of median diameter. graphic mean, graphic standard 
deviation, graphic skewness, phi quartile deviation, and phi quartile 
skewness. The calculation procedures for these parameters is outlined in 
Folk (1951, pp. 43-47). These particular parameters were chosen because 
of their widespread usage in the literature, their differences in physical 
significance, and because they represent a larger percentage of the oglve 
than do some of the older textural parameters used. 
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Significance of the Textural Parameters 
The parameters median diameter and graphic mean are, according to 
Krumbein and. Sloss (1963, p. 101) associated with the strength of the 
current that moved the material to the site of deposition. When plotted 
against distance from source, it is possible to relate how the energy 
level of the depositional medium changes with distance of transport 
(Krumbein and Sloss, 1963; Plumley, 1948). 
Ph! quartile deviation and graphic standard deviation are moment 
measures and measure the degree of sorting of the sediments. Krumbein and 
Sloss (1963) state that sorting is an index of the range of conditions 
present in the transporting fluid and to some extent is indicative of the 
distance of transportation. Plumley (1948) agrees that sorting is an index 
to the range of conditions present in the transporting medium, but notes 
that sorting remains relatively constant with increased distance of 
transport. 
Graphic skewness and phi quartile skewness are measures of the 
asymmetry of the distribution (Krumbein and Sloss, 1963, p. 101). Values 
of skewness can be either positive, negative, or zero. Pettijohn (1957, 
p. 37) .tates that with positive skewness, coarse admixtures exceed the 
fine. With negative skewness, fine admixtures exceed the coarse. Zero 
skewness indicates the ogive is perfectly symmetrical. The significance of 
the skewness parameters is the least well understood of the textural 
parameters utilized in this study. 
According to Pettijohn, the chief textural parameters of the frequency 
curve (mean aize, sorting, and skewness) are theoretically independent of 
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one another (Pettijohn,1957, p. 42). However, in practice this apparently 
is not quite true. Pettijohn (1957) utilizing Plumley's (1948) data on 
BlaCk Hills terrace gravels and Kurk's (1941) data on glacial outwash 
gravels shows that there is a strong positive correlation between mean size 
and skewness. The dependence of these textural parameters should be taken 
into consideration when studying size distributions of sediments. 
Statistical Analysis 
After calculating the textural parameters from the ogives, analyses 
of Variance were performed for eaCh parameter. These results are given in 
Appendix B. The analysis of variance technique will not reveal anything 
concerning the environments of deposition of the sandstone beds, but 
instead will point out whether or not statistically significant differences 
exist for the parameters under consideration. It must be tacitly assumed 
that similar depositional environments will yield similar numeric values 
for the textural parameters. 
Design. model. and assumptions 
The grain size parameters were analyzed by a completely randomized 
design with nested arrangement of the observations. Twelve localities 
were chosen as described earlier. Three beds were sampled at eaCh of these 
localities. Two closely spaced samples were taken from each bed. Two 
laboratory determinations were performed on each sample. This was 
accomplished in order to get an estimate of sampling error. The localities 
were grouped together into two areas using the axis of Sheep Mountain 
Anticline as a criterion for the grouping. The localities on the east flank 
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of the anticline were included in area I, While the localities on the west 
flank were grouped in area II. 
Differences within the beds can be tested for by the analysis of 
variance. In this case, this was accomplished by testing for areas x beds 
interaction where the beds are of different age. A discussion of 
interaction and its significance is given by Cochran and Cox (1957, pp. 
148-153). 
The aathematica1 model assumed for the analysis of variance is 
where Yijkl is an individual observation, p is the overall mean effect, Li 
is the location effect, random, Bj is the bed effect, fixed, (LB)ij is the 
'2 location x bed effect, random, eijk is the sampling error. = NID (o,a2 ), 
and "ijkl is the operator error, = HID (o,a
1
2), assuming that 
~~~ye i - 1 t •••• c • 12, j • l ••••• b • 3, k • l, ••• ,r • 2, and 1 • l ••••• n -
2. On grouping the locations into areas, a more complete model is 
where the additional effects Am is the area effect. fixed, and (AB)mj is 
the area x bed effect. fixed. with the added assumptions that 
tA - t (AB) - t (AB)mj • 0 
m ~ j m m 
where m • 1 •••• ,a • 2. 
Differences between locations in the same bed were also tested for 
using the model 
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Yijk • P + Li + eij + qijk 
where the notation and assumptions are the same as above. 
Analxsis of variance (ANOV) results 
The ANOV results are summarized in Table 1. The computational pro-
cedures for the ANOV can be found in any standard statistics text (Snedecor, 
1956). 
There are no statistically significant area differences for the six 
textural parameters. Beds have highly significant (significant at .01 
probability level) differences for the parameters of median diameter, 
graphic skewness, and phi quartile skewness. Areas x beds (read areas 
times beds) show significant differences (significant at .OS probability 
level) for grapllic sKewness, phi quartile deviation, and phi quartile 
skewness. 
Significance at the .05 probability level means that 19 times out of 
20 the hypothesis of equal means will be correctly rejected. There is a 
chance (one time out of 20) of drawing such a sample from a normally 
distributed population. This means that there is a slight risk of rejecting 
a hypothesis when it actually 1s true. A similar argument holds for the .01 
probability level, but in this case the chance of rejecting a true hy-
pothesis is only one in a 100. 
Analyses of variance were also performed for the different beds to 
test for significant location differences. These results are summarized in 
Table 2. These analyses were performed primarily as an aid in interpreting 
the interaction effect. 
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Table 1_ Summary of ANOV results 
Source Graphic Phi Phi 
of Median Graphic standard Graphic quartile quartile 
variation diameter mean deviation skewness deviation skewness 
Areas !!.!.- na_ ns_ !!!.. M- M-
- -
Beds ** .!!!.- .!!!..- *. .!!.!.. ** 
Areaa x 
beds 
.!!!.- M- M- * 
Locations 
within 
areas 
.!!!.- .!!.!.. .!!!.- * !!!.- !!.!.. 
Locations 
x beds 
within 
areas ** ** ** ** ns. 
-
Samples 
within 
beds x 
locations ns. ns. ** ** * .!!.!.. 
a· Not significant_ 
It Significant at .OS level. 
*It Significant at .01 level. 
Inte!Eretation and significance of interaction 
Interaction ia defined as the failure of one level of a factor to 
respond the same for the levels of the other factor(e) (Cochran and Cox, 
1950. p. 149). In this study, ttme is one factor with the different beds 
repre8enting different levels. Areas are the other factor with the 
localities east of the axis of Sheep Mountain Anticline comprising area I 
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Table 2. Summary of AHOV results (by beds) 
Source Graphic Phi Phi 
of Median Graphic standard Graphic quartile quartile 
variation diameter mean deviation skewness deviation skewness 
Peay sandstone 
Locations te* *te 
.!!!.- ** .!!!.- .!!!.-
Samples 
within 
locations 
.!!!.. 
.!!!.- .!!!.. tete l!!.. 
"Middle" sandstone 
Locations ** ** ** ** *te .!!!.. 
Samples 
within 
locations 
.!!!.- .!l!. • * a· a· M· 
Torchlight sandstone 
Locations ** te* M- ns. *" M* -
Samples 
within 
locations 
.!!!.- .!l!.- .!l!.- M-
M- Not significant. 
* Significant at_ 05 level. 
te" Significant at .• 01 level. 
and the localities west of the axis of Sheep Mountain Anticline consti-
tuting area II,. 
The conditions of deposition have quite probably changed through time. 
This would have resulted in different numerical values for different 
intervals of time. Plumley (1948, pp_ 546-552) in his study of Black Hills 
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terrace gravels has shown that median diameter and phi quartile skewness 
decrease rather uniformly with increasing distance from the source. He 
also shows that Borting (phi quartile deviation) remains rather uniform 
with increasing distance from the source. The terrace gravels are of 
different ages, but they exhibit the same trend for the textural parameters 
when values are plotted as a function of distance of transport. Krumbein 
and Sloss (1963, p. 105) also bear out this relationship_ 
Applying Plumley's (1948) work to the present study, it is reasonable 
to assume that the same trend for the textural parameters of the sandstone 
beds should be observed for areas I and II. The same trend for the sand-
stone beds was not observed, therefore some forms of depositional control 
has been exerted for the two areas resulting in different trends for the 
textural parameters. This is illustrated graphically in the form of the 
response curves in Figures 5 and 6, Figure S showing the response curves 
for the parameters for which the areas x beds term was not significant and 
Figure 6 showing the response curves for which this term was found to be 
significant. The primary reason for using statistical analysis instead of 
graphic methods is that the statistical analysis requires less time and 
allows probability levels to be assigned to the results. 
The ANOV results show that there are differences in the textural 
parameters between the areas. When an ANOV is performed by beds, there 
are highly significant differences between locations as shown in Table 2. 
Analyzing the localities by areas shows that the samples between localities 
within each of the two areas are relatively homogeneous. This is illustrated 
in Table 1. Several possibilities exist which could explain these 
differences, three of which will be considered here. 
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Figure 5. Response curves for parameters median diameter, graphic mean, 
and graphic standard deviation (these parameters were all found 
to be not significant) 
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Figure 6. Response curves for parameters graphic skewness, phi quartile 
deviation. and phi quartile skewness (these parameters were all 
found to be significant) 
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Possible causes of significant interaction 
Tectonic activity along the present axis of Sheep Mountain Anticline 
during the deposition of the Frontier Formation could impart different 
textural characteristics to the sediments on opposite flanks of the 
structure. Plumley's (1948) work on different age terrace gravels in the 
Black Hills illustrates that even though the sediments are of different 
age. they still exhibit the same textural trends with increasing distance 
from their source. One possible explanation of different trends through 
time for areas on opposite flanks of a geologic structure might therefore 
be that the structure was positive and sedimentation on the flanks of the 
structure did not proceed in a similar manner through time. 
Another possible explanation might be that rapid and frequent changes 
in the energy level of the depositional medium for the Frontier sandstones 
have taken place. Plumley (1948) shows for some of the Black Hills terrace 
gravels, changes in the textural parameters occur over rather short 
distances. These are apparently unexplainable by any other means than a 
changing character of the depOSitional medium. 
Anomalous current patterns in the area of study could also account 
for the observed differences. If, for example. two sets of current patterns 
converged in the area of study, these would impart different textural 
characteristics to the sediments they affect. This could be another 
possible explanation for the observed differences in the textural parameters. 
Two sources areas, in opposite directions from the area of study, 
could also explain tbe observed differences. Eardley (1963. pp. 330-331) 
shows orogenic and sedimentation maps for the Central Rockies during 
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Coloradoan and Montanan time. These maps show that during Coloradoan time, 
the area of study was situated on a broad, relatively stable shelf. During 
Montanan time, Eardley shows the ancestral Beartooth and Pryor-Big Horn 
ranges as being emergent. It is impossible to state a specific ttme that 
these ranges became a source of sedtments, but there exists the possibility 
that it could have persisted during deposition of the Frontier Pormation. 
Reeside (1957) a180 gives evidence to support this as a possibility. 
The most probable explanation seems to be, at least to the writer, 
that some combination of the above possibilities is responsible for the 
observed differences. This is postulated because of the relative complexity 
and interplay of the various pbysical factors responsible for the depo-
sition of sediments. 
In view of present evidence, it is impossible to state conclusively 
tb~t anyone of tbe above mentioned posslbllitiesis more llkely to be 
responsible for the differences than any other. The statistical metbod 
presented in this paper simply serves as an additional tool wbich is helpful 
In determining differences in sedimentary textural properties, but which must 
be interpreted in light of other geologic evidence to properly determine the 
cause of the differences. 
To more completely and accurately explain the differences observed in 
the sandstone beds of tbe Frontier Formation, the following suggestions for 
future study, combined with the present paper, are proposed: 
1. Detailed analysis of the primary structures found in the sandstone 
beds. This would entail gathering orientation data on ripple 
marks, crossbeds. etc., and working out paleoslope, current 
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patterns, and directions of transport for the sands. This should 
be done over a8 large an area as possible, including the whole 
Big Horn Basin ideally. 
2. Petrologic and mineralogic studies of the sandstone beds to 
determine as precisely a8 possible the provenance for each of the 
beds. Present evidence suggests that precise knowledge of 
provenance for ~ of the beds studied is as important as 
determining the sedimentation history in the area of study. 
3. Textural data across the Big Horn Basin would also be extremely 
helpful in determining changes which take place with distance of 
transport. These data would necessarily be obtained from sub-
surface information, which is not always readily available. 
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CONCLUSIONS 
This study has shown that there are statistl~ally significant differ-
ences in the textural parameters for the major sandstone beds of the 
Frontier Formation from the east flank to the west flank of Sheep Mountain 
Anticline. It was further shawn that these differences occur between 
areas, the localities within areas being homogeneous. It was impossible 
to explain the stratigraphic differences only on the basis of analysis of 
the textural parameters, indicating a need for further study along different 
lines. The stratigraphic relationships observed in the field regarding 
depositional history, essentially agree with those of earlier workers. 
Several possible explanations for the observed differences are: 
1. Tectonic activity along the present axis of Sheep Mountain anticline 
during deposition of the Frontier Formation. 
2. Rapid and frequent changes in the energy level of the depositional 
medium for the Frontier sediments. 
3. Current patterns in the vicinity of the area of study during 
deposition of the Frontier sediments. 
4. Two source areas, in opposite directions from the area of study. 
5. Any possible combination of the above listed possibilities. 
Before any of the above mentioned possibilities can be conclusively 
stated to be responsible for the observed differences, it is imperative 
that more data be gathered. The statistical analysis utilized herein has 
been helpful in determining lithologic differences, and should prove to be 
an important research tool in future stratigraphic studies. 
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APPENDIX A 
Locality 1 
Locationl NW 1/4 Sec. 16, T53N R92W North end of Herron Gulch 
approximately seven miles east and four miles north of Greybull, Wyoming. 
Frontier Formation, total thickness--496 feet: 
Bed Description Thickness (feet) 
15 Conglomerate, variagated, polymictic, sub-
angular to rounded, poorly cemented, contains 
andesite porphry cobbles up to 8 inches in 
longest dtmension and abundant black chert 
pebbles, chert pebbles always flat on at least 
one flat side whereas andesite porphry cobbles 
show a greater degree of sphericity, (Torch-
light sandstone). 2 
14 Sandstone, light-brown to buff, medium-grained, 
well sorted, rounded, primarily quartz with 
some biotite and hornblende, bentonitic, well 
cemented. calcareous cement in places, resistant, 
cross-bedded, (Torchlight sandstone). 60 
13 Sandstone, pale-yellow to buff, medium-grained, 
fair to good sorting, founded, abundant plant 
debris associated with I inch seam of 
arenaceous bentonite, transitional with under-
lying siltstone, (Torchlight sandstone). 2 
12 Siltstone, charcoal grey, similar to unit 6. 90 
11 Bentonite. olive-green, weathers to a light grey. 
10-15% dark minerals (biotite and hornblende), 
weathers to a popcorn surface, gypsiferous, 4 
10 Siltstone. black to charcoal grey, arenaceous, 
similar to unit 6, contains a layer of ironstone 
concretions at 11 feet from the base, concretions 
are oblate to prolate spheroids in shape, dark 
blue to black in color, the whole unit weathers 
deeply. 175 
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Bed Description Thickness (feet) 
9 Bentonite, olive-green, weathers to a yellowish-
green, 10-15% dark minerals. 2 
8 Siltstone, charcoal grey, abundant thin 
stringers of grey, very fine-grained sandstone 
which are more resistant than the siltstone, 
paper thin beds, similar to unit 6. 18 
7 Bentonite, olive-green, weathers light grey, 
about 10% dark minerals (primarily biotite), 
weathers to a "popcorn" surface. 2 
6 Siltstone, charcoal grey, arenaceous at base 
becoming less so at top of unit, contains many 
thin stringers (less than 1 inch) of grey, very 
fine-grained sandstone, thinly bedded, bedding 
discontinuous. slightly bentonitic. 15 
5 Sandstone, light grey to brown, has a bluish hue 
where siliceous, medium-grained, medium-sorting, 
becomes conglomeratic in places, sub-angular to 
rounded. discontinuous beds up to 4 inches thick, 
top of unit is marked by a black chert pebble 
conglomerate with chert pebbles up to 2 1/2 inches 
in longest dimension, (Pea, sandstone). 3S 
4 Bentonite, olive-green, weathers to a light yellow 
to dirty grey, 5-10% dark minerals (biotite and 
hornblende), slightly arenaceous, variable 
thickness. 11 
3 Sandstone, light grey, medium-grained, well sorted, round-
ed, discontinuous beds from 1 to 6 inches thick, well 
cemented with a siliceous cement in upper portion of 
unit, conglomeratic in places, resistant (peay sand-
stone). 10 
2 Siltstone, dirty grey, bentonitic, contains thin 
stringers of grey, very fine-grained sandstone 
stringers throughout, discontinuous bedding, weathers 
deeply. 70 
Mgwry Formation. thickness measured--75 feet: 
1 Siltstone, weathers to a characteristic bluish hue, 
siliceous, contains abundant fish scales, more 
resistant than lower unit in Frontier. 75 
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Locality 9 
Location: SW 1/4 SE 1/4 Sec. 6, T52N R92W Potatoe Ridge, five miles 
west of Greybull, Wyoming, along U. S. Highway 14. 
Frontier Formation. total thickness--544 feet: 
Bed 
9 
8 
7 
6 
5 
4 
3 
Description Thickness (feet) 
Conglomerate, variagated, polymictic, contains 
andesite porphry cobbles up to 6 inches in 
longest dimension, also contains abundant black 
chert pebbles, chert pebbles always have at 
least one flat side whereas andesite porphry 
cobbles show some degree of sphericity, (Torch-
light sandstone). 2 
Sandstone. light grey to buff. medium-grained, 
well sorted, rounded, cross-bedded, salt and 
pepper texture, resistant, (Torchlight sandstone). 17 
Sandstone, reddish-brown, ferruginous cement, 
fine-grained, well sorted, rounded, bottom contact 
Is transitional with underlying shale. (Torch-
light sandstone). 30 
Siltstone, charcoal to dirty grey, weathers deeply, 
arenaceous, bentonitic. this unit is badly 
covered but the unit becomes more sandy at 225 
feet above the base. 325 
Sandstone. light grey, similar to unit 3 (Peay 
sandstone). 70 
Bentonite, olive-green. weathers to light grey, 
arenaceous, 5-10% dark minerals (biotite and horn-
blende), contains some plant fragments in more 
arenaceous portions. 10 
Sandstone, light grey. medium-grained, medium 
sorting, rounded, well cemented with a siliceous 
cement, well bedded. resistant. bedding is 
discontinuous. some pelecypod fragments present, 
but are obscured by siliceous cement. 60 
Bed 
2 
44 
Description 
Siltstone, charcoal grey, arenaceous, medium to 
poorly bedded" bedding discontinuous, thin 
stringers of grey, very fine-grained sandstone 
present throughout. 
M9!£Y Formation. thickness measured--80 feet: 
1 Siltstone, weathers to a characteristic silvery 
blue color, well indurated. high amount of silica 
cement, abundant fish scales. 
Loeality 11 
Thickness (feet) 
70 
80 
Location: SW 1/4 SW 1/4 SW 1/4 Sec. 3, T54N R95W North of Oil Springs 
Gulch. approximately 16 miles north of Greybull, Wyoming, east of U. s. 
Highway 310. 
Frontier Formation, total thickness--567 feet: 
Bed Description Thickness (feet) 
12 Conglomerate, variagated, polymictic, andesite 
porphry cobbles up to 9 inches in longest 
dimension, abundant black chert pebbles present, 
chert pebbles always have at least one flat side 
whereas andesite porphry cobbles always exhibit 
some degree of rounding (Torchlight sandstone). 2 
11 Sandstone, light grey, medl~grainedt well 
sorted, rounded, salt and pepper texture. well 
cemented. resistant, some cross-bedding is 
observable. (Torchlight sandstone). 62 
10 Siltstone, charcoal to light grey. arenaceous, 
bentonitic, contains thin stringers of grey, very 
fine-grained sandstone throughout, transitional 
with overlying sandstone. 52 
9 Bentonite, olive-green, weathers to a light green 
to pale yellow, 10-20% dark minerals (primarily 
biotite). 5 
8 Siltstone, charcoal grey, arenaceous, bentonitic, 
similar to unit 10. 66 
45 
ned Description Thickness (feet) 
7 Conglomerate, light brown, cobbles up to 4 
inches in longest dimension, sub-rounded, well 
cemented, resistant, contains some shark's 
teeth and bone fragments, (Middle" sandstone). 30 
6 Sandstone, light to reddish-brown, coarse-
grained, poorly sorted, sub-angular to poorly 
rounded, well cemented with a ferruginous 
cement, transitional with underlying shale, 
(UMiddle" sandstone). 40 
5 Siltstone, charcoal grey, similar to unit 10 
in all respects. 75 
4 Bentonite, olive-green, weathers to a pale green, 
less than 5% dark minerals (primarily biotite). 
weathers to a characteristic "popcorn" surface. 5 
3 Sandstone, light brown, medium-grained. medium 
sorting, sub-rounded, well cemented, resistant; 
contains a layer of reddish-brown, calcareous 
concretions at about 75 feet above base of unit, 
concretions are similar to surrounding strata in 
all'respects except as to color and nature of 
cementing material, ripple marks and flute casts 
at top of unit, also contains black chert pebbles 
up to 2 inches in longest dimension at top of 
unit. (Peay sandstone). 125 
2 Siltstone, charcoal grey, well indurated. similar 
to unit 10. 105 
Mow!y Pormation, thickness measured--45 feet: 
1 Siltstone, weathers to a characteristic silvery 
bluish hue. siliceous cement. abundant fish scales. 45 
46 
APPENDIX B 
Analysis of Variance Results 
Table 3. Median diameter 
Source of variation d.f. s.s. m.s. F-ratio 
Areas 1 0.54613 0.54613 0.522 
.!!!.. 
Beds 2 8.16917 4.08458 3.903 
** Areas x beds 2 1.01508 0.50754 0.485 
.!!!.. 
Locations within areas 10 5.74894 0.57489 0.549 
.!!!.. 
Locations x beds 
within areas 20 20.93067 1.04653 27 .. 848 
** Samples within beds 
x locations 32 1.20265 0.03758 1.199 
.!!!.. 
Determinations within 
samples 68 2.13130 0.03134 
Totals 135 39.74394 
~. Not significant. 
** 
Significant at .01 level. 
Table 4. Graphic mean 
Source of variation d.f. s.s. m.s. F-ratio 
Areas 1 0.12814 0.12814 0.107 !!!La 
Beds 2 5.16671 2.58336 2.163 
.!!!.-
Areas :It beds 2 0.31535 0 .. 15768 0.132 
.!!!.-
Locations within areas 10 6.04372 0.60437 0.506 ns. 
-Locations :It beds 
within areas 20 23.88929 1.19446 16.652 ** Samples within beds 
:It locations 32 2 .. 29544 0.07173 0.749 .!l!.. 
Determinations within 
samples 68 6.50835 0.09571 
Totals 135 44.34705 
ns. Not significant. 
ii Significant at .01 level. 
Table 5. Graphic standard deviation 
Source of variation 
Areas 
Beds 
Areas x beds 
Locations within areas 
Locations x beds 
within areas 
Samples within beds 
x locations 
Determinations within 
samples 
Totals 
.!!!.. Not significant. 
It* Significant at .01 
Table 6. Graphic akewness 
Source of variation 
Areas 
Beds 
Areas x beds 
Locatians within areas 
Locations x beds 
within areas 
Samples within beds 
x locations 
Determinations within 
samples 
Tots1s 
d.f. 
1 
2 
2 
10 
20 
32 
68 
135 
level. 
d.f. 
1 
2 
2 
10 
20 
32 
68 
135 
D8. Not significant. 
-; Significant at .05 level. 
** Significant at .01 level. 
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a.8. 
0.00015 
0.77717 
1.16773 
2.49582 
7.87696 
3.72842 
3.66090 
19.70715 
s .. s. 
0.00050 
1.48971 
0.86039 
2.62388 
1.71786 
1.03717 
1.06686 
8.79637 
m.a. 
0.00015 
0.38858 
0.58386 
0.24958 
0.39385 
0.11651 
0.05384 
m.s. 
0.00050 
0.74486 
0.43020 
0.26239 
0.08589 
0.03241 
0.01569 
F-ratio 
0.000 !!!.. 
0.987 
.!l!.. 
1.482 
.!!!.. 
0.634 
.!l!.. 
3.380 It* 
2.164 
** 
F-ratio 
0.006 !!!.. 
8.672 It* 
5.009 It 
3.055 * 
2.650 * 
2.066 ** 
Table 7. Phi quartile deviation 
Source of variation 
Areas 
Beds 
Areas x beds 
Locations within areas 
Locations x beds 
within areas 
Samples within beds 
x locations 
Deter:minations within; 
samples ,1 
Totals 
B!.' Not significant. 
1 
2 
2 
10 
20 
32 
68 
135 
". Significant at .05 level. 
"" Significant at .01 level. 
Table 8. Phi quartile skewness 
Source of variation d.f. 
Areas 1 
Beds 2 
Areas x beds 2 
Locations within areas 10 
Locations x beds 
within areas 20 
Samples within beds 
x locations 32 
Determinations within 
samples 68 
Totals 135 
!!!.. Not significant. 
• Significant at .05 level. 
• * Significant at ,01 level • 
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8.S, m.B. 
0.00255 0.00255 
0.36837 0.18418 
0.72473 0.36236 
1.36605 0.13660 
1.70897 0.08545 
0.89108 0.02785 
0.99130 0.01458 
6,05305 
8.8. m.s. 
0.02917 0.02917 
0.50075 0.25037 
0.20429 0.10214, 
0.32754 0.03275 
0.38572 0.ql929 
0.46977 0.01468 
0.73705 0.01084 
2.65429 
V';"ratio 
0.030 !!!.. 
2.155 !!!.. 
4.241 *' 
1.598 !!!.. 
3.068 •• 
1.910 " 
V-ratio 
1.151 ns, 
-12.979 
** 5.290 
* 1.698 !!!.. 
1.314 !!!.. 
1.354 !!!.. 
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Table 9. Median diameter 
Source of variation d.f .. S.8. m .. R. F-ratio 
Peay sandstone 
Locations 11 3.4963 0.31784 6.725 
** Samples within 
locations 12 0.5671 0.04726 2.208 
" Determinations 
within samples 24 0.5137 0.02140 
Totals 47 4.5771 
"Middle" sandstone 
Locations 9 20.8444 2.31604 72.603 
** Samples within 
locations 10 0.3190 0.03190 1.229 ns .. 
-Determinations 
within samples 20 0.5190 0.02595 
Totals 39 21.6824 
Torchlight sandstone 
Locations 11 3.0269 0.27517 5.625 
** Samples within 
locations 12 0.5870 0.04892 1.068 .!!!.. 
Determinations 
within samples 24 1.0986 0.04578 
Totals 47 4.7125 
l!!. Not significant. 
* 
Significant at .05 level. 
** 
Significant at .01 level. 
Table 10. Graphic mean 
Source of variation 
Locations 
Samples within 
locations 
Determinations 
within samples 
Totals 
Locations 
Samples within 
locations 
Determinations 
within samples 
Totals 
Locations 
Samples wi thin 
locations 
Determinations 
within samples 
Totals 
d.f, 
11 
12 
24 
47 
50 
s.s. 
Peay sandstone 
6.8606 
0.7293 
0.9091 
8.4890 
m.a. 
0.62278 
0.06078 
0.03788 
tfMiddle" sandstone 
9 
10 
20 
39 
17.2462 
0.7050 
2.0830 
20.0342 
1.91624 
0.07050 
0~10415 
Torchlight sandstone 
11 
12 
24 
47 
6.1692 
1.3282 
3.5161 
11.0135 
0.56084 
0.11068 
0.14650 
ns. Not significsnt. 
~ Significant at .05 level_ 
** Significant at .01 level. 
V-ratio 
10.246 ** 
1.604 .!!!.. 
27.181 **' 
0.677 .!!!.. 
5.067 ** 
0.755 .!!!._ 
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Table 11. Graphic standard deviation 
Source of variation d,f. S.8. m.s. 
Peay sandstone 
Locations 11 2.7919 0.25381 
Samples within 
locations 12 1.2913 0.10761 
Determinations 
within samples 24 1.4223 0.05926 
Totals 47 5.5055 
"Middle" sandstone 
Locations 9 5.4316 0.60351 
Samples within 
locations 10 0.7187 0.07787 
DeteJ:lllinations 
within samples 20 0.5959 0.02980 
Totals 39 6.8062 
Torchlight sandstone 
Locations 11 
Samples within 
locations 12 
Determinations 
within samples 24 
Totals 47 
ns. Not significant. 
.... Significant at .0,5 level. 
** Significant at .01 level. 
3.0012 0.27284 
1.8966 0.15805 
1.6427 0.06844 
6.5405 
l-ratio 
2.359 
.!!!.. 
1.814 !!!.. 
7.750 
** 
2.613 
* 
1.726 !!!.. 
2.309 
* 
Table 12. Graphic skewness 
Source of variation 
Locations 
Samples within 
locations 
Determinations 
within samples 
Totals 
Locations 
Samples within 
locations 
Determinations 
within samples 
Totals 
d.f. 
11 
12 
24 
47 
52 
B.S. 
Peay sandstone 
2.4363 
0.2471 
0.7253 
3.4087 
"tUddle" sandstone 
9 
10 
20 
39 
1.6896 
0.4942 
0.8420 
3.0258 
m.s. 
0.22148 
0.02059 
0.03022 
0.18773 
0.04942 
0.04210 
Torchlight sandstone 
Locatia~\s 
Samples within 
locations 
Determinations 
within samples 
Totals 
11 
12 
24 
47 
ns. Not significant. 
~ Significant at .05 level. 
** Significant at .01 level. 
0.6894 
0.2969 
0.2690 
1.2553 
0.06267 
0.02474 
0.01121 
F-ratio 
10.757 ** 
o. l!!.-
3.799 ** 
1.174 .!l!.. 
2.207 * 
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Table 13. Phi quartile deviation 
Source of variation d.f. 8."S. m.'s. F-ratio 
Pea,. sandstone " 
Locations 11 0.6888 0.06262 1.445 .!!!.. 
Samples wi thin 
locations 12 0.5200 0.04333 4.504 
** Determinations 
within samples 24 0.2308 0.00962 
Totals 47 1.4396 
''Middle·' sandstone 
Locations 9 2.1738 0.24153 11.713 
** Samples within 
locations 10 0.2062 0.02062 1.338 .!!!.. 
Determinations 
within samples 20 0.3082 0.01541 
Totals 39 2.6682 
Torchlight sandstone 
Locations 11 0.8927 0.08115 4.432 ** Samples within 
locations 12 0.2197 0.01831 0.972 .!!!.. 
Determinations 
within samples 24 0.4253 0.01884 
Totals 47 1.5647 
us. Not significant. 
** Significant at .01 level. 
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Table 14. Phi quartile skewness 
Source of variation d.f. 8.8. m.s. F-ratio 
Peay sandstone 
Locations 11 0.2455 0.02232 2.601 .!!!. 
Samples within 
locations 12 0.1030 0.00858 1.019 
.!l!.-
Determinations 
wi thin samples 24 0.2022 0.00842 
Totab 47 0.5507 
''lIiddletl sandstone 
Locations 9 0.4376 0.04862 2.325 
.!!!.. 
Samples within 
locations 10 0.2091 0.02091 1.057 .!!!.. 
Determinations 
within samples 20 0.3955 0.01978 
Totals 39 1.0422 
Torchlight sandstone 
Locations 11 0.2013 0.01830 1 .. 105 .!!!. 
Samples within 
. locations 12 0.1987 0.01656 1.488 .!!!.. 
Determinations· 
within samples 24 0.2671 0.01113 
Totals 47 0.6671 
ns. Not significant. 
-
